Study aim: The purpose of the present research was to determine the physical and physiological features of international level karate athletes. Material and methods: Eleven male karate athletes who were ranked at the top of their weight categories participated in this study. All of them were evaluated for anthropometric, body composition, somatotype and bio-motor characteristics in detail.
Introduction
Karate is known one of the most popular martial arts all around the world. Karate consists of two main parts named kata and kumite. Kata represents a pre-arranged form of karate techniques in an exhibitive manner. Kumite means karate sparring, which involves the execution of offensive, defensive and counter-attack techniques against a rival [22, 23] . Based on the World Karate Federation rules, an official kumite competition lasts 3 minutes for senior males and 2 minutes for senior females in elementary stages, and then lasts 1 more minute for each of them in the final stages and fight for medals [11] .
Karate competition is typically defined as a high-intensity intermittent sport event, in which most of the actions are performed explosively [3, 43] . During kumite, karate athletes move in diverse directions on the karate mat and attack their rivals using punches and kicks (arm and leg techniques) [39] . Today, the changes in competition rules such as a limitation against contacts when executing techniques, transition from a single-point to a multiple-point system and an opportunity for gaining more scores using kicks have made the kumite competitions more dynamic and attractive [28] , but this event has become more demanding.
It is reasonable to expect that high-level athletes will have the appropriate physique specific to the sport they are involved in. Since the beginning, a long-limbed physique has been considered suited to karate athletes. In this context, the studies on body type, structure and composition of karate athletes have reported that the dominant anthropometric characteristic is vertical development of the skeleton along with average somatotype (mesomorphic-ectomorph) [20, 26] . Karate is a sport in which athletes should be able to move their body rapidly. A higher contribution of endomorphy, therefore, can be detrimental for desired performance [18, 26] . In sports such as karate in which the athletes compete in well-defined weight categories, an increase in body weight induced by accumulation of fat can result in unfavorable performance, indicating the vital importance of distinguishing between two major portions of the body named fat mass and fat-free mass [15] .
Gualdi-Russo and Graziani [21] emphasized the association between somatotype and sport achievements in combative sports. However, it has remained controversial as to which is the best body type for karate athletes. Although Giampietro et al. [20] observed the meso-ectomorph somatotype for elite Italian male karate athletes, the investigation of somatotype in elite German karate athletes showed that they had a developed ectomorph component [19] .
Most combative sports require a combination of biomotor attributes such as strength, aerobic fitness, power and speed, and in general, none of them is alone decisive [5] . Ravier et al. [34] found a significant difference in maximal power between national and international level karate athletes. Anaerobic power has been shown to be crucial for efficient implementation of techniques in repetitive attacks and defenses. However, although the execution of single punches and kicks requires energy supply through anaerobic metabolism and depends largely on muscular power, the consistency of optimal performance entails the aerobic metabolism. Hence, due to the frequent execution of techniques the aerobic metabolism has the greatest contribution (77.8%) in the energy restoration during kumite [6] . Plus, the recovery between matches depends mainly on aerobic metabolism [36] . The contribution of anaerobic metabolism has also been reported as 16% [6, 12, 36] .
Up to now, the studies that have been conducted to assess physical and physiological attributes of karate athletes have clearly demonstrated the vital importance of awareness regarding these variables. It is obvious that some of the desired characteristics among athletes are under the influence of their genetic endowment. Therefore, the results of such studies may produce sufficient information concerning genetic potential suited to favorable performance, and coaches and sport sciences experts can benefit from. Furthermore, a better understanding of the prominent characteristics of elite athletes that are in harmony with physiological needs in the top level of the sport they practice is a great step toward further success and promotion of karate. Thus, the present study aimed to assess the physical and physiological profiles of Iranian elite male karate athletes.
Material and methods

Participants
The sample included 11 senior male karate athletes (mean ± standard deviation: 23.27 ± 2.83 years old, height of 181.54 ± 4.71 cm and BMI of 25.02 ± 3.32 kg • m -2 ) who were all members of the Iranian national karate team and were medalists in international championships (Asian and world championships). They were involved in training in the initial weeks of preparation to participate in the World Karate Championship Games. They also were highly experienced through years of karate training, and in recent years had taken part in diverse age classes and different levels of kumite competitions continuously.
This research was approved by the ethic committee on human experiments in the Faculty of Physical Education and Sport Sciences of University of Guilan. Prior to the test, a preliminary session was held with the aim of familiarization about the experiments, and written consent forms were then received. Some recommendations were made regarding regular sleep, diet and avoidance of strenuous activity within 48 hours prior to the experiments, and also no use of drugs (e.g. stimulants, diuretics and sedatives).
Anthropometric measurements
The following measurements were taken: weight (using Korona scales, to the nearest 0.1 kg), the length of height, sitting height, arm span, upper arm, forearm, thigh, calf; circumferences of chest, waist, hip, arm, forearm, thigh and calf (using Lufkin W606PM flexible steel tape, to the nearest 0.5 cm).
All the anthropometric, somatotype and body composition measurements were taken on the right side of the body and in accordance with the ISAK guidelines [29] .
Physical measurements
Strength. Bench press, squat and deadlift exercises were used to assess upper-body, lower-body and wholebody strength, respectively. Subjects were instructed to complete up to a maximum of 8 repetitions during each of 3 exercises and 1RM [kg] was calculated via the Brzycki equation [8] : 1RM = 100 × load rep/(102.78 -2.78 × rep).
Muscular power. The muscular power of the lowerbody was assessed by the long jump test. Additionally, the medicine ball throw test was used to evaluate upper-body muscular power. A two-kg medicine ball was used. For both tests, the subjects were allowed 3 trials and the best result was used.
Speed and agility. The 40-yard dash was considered for evaluation of speed. The time taken to cover the distance between start and end was recorded via DSI photo-finish equipment (Danesh Salar Iranian). Additionally, the 4×9m shuttle run test was used to determine agility.
Flexibility. The sit-and-reach test was used to evaluate the flexibility of hamstring and lower back muscles. The subjects were allowed three attempts and the highest value was used.
Physiological measurements
Aerobic power. The participants completed the one-mile run test as a measure of aerobic power. The time spent to complete one mile was entered into the following equation for relative VO 2max (ml • kg -1 • min -1 ) estimation [4] :
where gender is coded as 1 = male and 0 = female and one-mile time is in minutes. Anaerobic power. A 15-second vertical jumping test (Ergo-Jump, using DSI equipment) was used to determine anaerobic power. The subjects were asked to attempt maximal flight time and minimal landing contact during repetitive jumps. The results were reported as relative values (watts per kg).
Statistical analyses
Statistical analyses were performed using IBM SPSS Statistics 20.0 software. All the variables were presented as mean and standard deviation plus range (min-max).
Results
The results were presented in two formats; in general (all the participants), and in 3 main weight categories based on target weights (-60 and -67 kg as light weight, -75 kg as middle weight, and -84 and +84 as heavy weight). The results are presented in Tables 1-5 
Discussion
Great sport achievements depend on various factors. In this regard, a proper understanding of prominent features of top-level athletes suited to the sport in which they compete can undeniably contribute to success. In the present research, we attempted to characterize the anthropometric, body composition, somatotype and bio-motor characteristics of international level karate athletes from Iran: an almost holistic model of genetic predispositions and functional features specific to high levels of performance in karate in terms of fieldwork investigations. Therefore, all the 11 final selected members of Iranian national karate team were assessed. Table 4 . Results of body composition assessment
The mean age of Iranian male karate athletes was 23.27 ± 2.83 years, which was approximately equal to that of Italian karate athletes (23.8 ± 2.8 years) [20] but lower than those found in their Brazilian counterparts (28.0 ± 5.1 years) [36] . The aging of athletes has been shown to decrease strength, power, and reaction time, and consequently lead to inferior performance [41, 30] . Accordingly, it appears that older athletes tend to win using decision and strategies, and they seek to avoid situations where they are at a disadvantage [35] .
One specific measurement that has been introduced is the 'ape index' − a measure of arm span to stature. Whilst the general population has an average 1:1 ratio of the ape index, athletes who possess a higher ratio appear to have the desired potential for success in some sports. It has been reported that winners showed greater stature and arm span compared to the average of all contestants participating in mixed martial arts competitions [27] . The ape index value was 1.02 for male karate athletes (1, 1.03 and 1.02 for light, middle and heavy weight categories).
The studies comparing body structure of elite karate athletes versus non-elite karate athletes showed the supremacy of elite karate athletes in vertical physical build alongside a lower skelic index value, which indicates a lower proportion of sitting height to height and longer lower limbs [20, 26] .
However, despite the similarity in height among these athletes (Iran, 181.5 cm vs Italy, 180 cm and Brazil, 181.6 cm), the skelic index value was higher among Iranian athletes, indicating a lower proportion of lower limbs to height compared to their Italian counterparts. During karate sparring, many diverse techniques are performed, all of which, in general, must be executed explosively with high speed (in accordance with World Karate Federation rules) [11] . Here, the athletes with long stature seem to possess a distinct advantage for gaining points before the opponent, because a greater height may facilitate reach in punches and kicks [31] .
A long upper body can be an advantage in sports (e.g. wrestling and weightlifting) whose athletes require excellent strength in upper limbs [1] . Although our findings about the ratio of leg to stature were in contrast to those found in Italian karate athletes, due to struggles and physical tussles regularly occurring during kumite, a longer upper body can play a facilitatory role in throwing down the opponent to the ground and executing the techniques on him/her. Note that, the lower-located center of gravity can be accompanied by optimum execution of techniques in terms of steadiness and proficiency in such conditions. Additionally, the lower proportion of leg to stature among Iranian karate athletes compared to their European colleagues, which can be attributed to genetic influence (the Asian population has a higher sitting height to height ratio compared with European and African populations) [32] , may be considered a determining factor for athletes in contemporary karate, which is to a large extent characterized by quick and ballistic movements. Nevertheless, Iranian karate athletes may take advantage of convenient accessibility along with quick movements simultaneously. In this research, light weight athletes showed shorter body segments. These clear-cut differences can be justified through the association of smaller body dimensions and lower body weights. Athletes competing in martial arts are highly mesomorphic due to the importance of strength, power, speed and agility in such sport disciplines. However, they do vary in both endomorphy and ectomorphy components according to their weight classes [1] . Sterkowicz-Przybycień [39] observed that international level karate athletes were more muscular, and they also were more mesomorphic and less ectomorphic than national karate athletes.
Based on our results, elite karate athletes were balanced mesomorphs (overall). More specifically, the 3 main weight divisions were ectomorphic-mesomorph for light and middle weight categories and endomorphic-mesomorph for the heavy weight category. These findings indicate that light and middle weight elite karate athletes tend to have a higher ectomorphy rating and athletes in the heavy weight category have a tendency toward endomorphy.
Maximizing fat-free mass is favorable for athletes involved in sports which require strength, power and muscular endurance. In general, higher body weight induced by increased fat mass may often result in poor performance. Many studies have indicated that the higher the rates of body fat are, above optimal values, the weaker is the performance. This is more likely found in sports in which the body weight must be moved through space [13] .
It is desirable that karate athletes possess a low body fat percentage. Nonetheless, the body fat among high-level karate athletes has been reported to vary from 7.5% for Japanese karate athletes to 16.8% for their Polish peers [11] . Some studies on body composition of elite karate athletes compared to lower-ranked karate athletes showed no significant difference in body fat percentage between the two groups of athletes. However, there are some cases of dissimilarities in lean body mass and fat distribution pattern, suggesting the preeminence of elite karate athletes [23, 20] . The mean body fat of Iranian karate athletes was found to be 8.66 ± 3.65%, which was perceptibly lower than the values observed in Portuguese (14.1 ± 3.46%), French (13.7 ± 4.1%), Polish (16.8 ± 2.5%) and British (16.5 ± 4.6%) international karate athletes [17, 33, 39, 40] . Moreover, higher percentages of body fat were found in higher weight classes.
In karate sparring, the acyclic activity profile of numerous forward, backward and side steps, and hopping movements combined with short duration high-intensity bouts of frequent techniques followed by interruptions result in a metabolic profile in which energy supply is predominantly aerobic, and anaerobic energy supplementation is available through high-energy phosphates. Accordingly, the consistency of performance is also greatly determined by the ability to sustain the intensity of activity during the match, as well as faster recovery between successive combats which are supported by aerobic power and capacity. Despite the higher levels of activity, the contribution of anaerobic metabolism rises only a little and reaches 7.4% anaerobic lactic and 17.9% anaerobic alactic. Thus, even though there are additional activities and strikes, the metabolic profile remains predominantly aerobic [6, 16] .
Aerobic power is considered a valid indicator of respiratory, cardiovascular and muscular system cooperative function, and is one of the most important factors affecting combat sports performance [24, 2, 11] . In comparison to other sports, reported values for VO 2max of elite karate athletes were analogous to those of their elite counterparts in taekwondo [7, 9] and wrestling [42] , but lower than those observed in boxers [38] . The value of VO 2max was 51.58 ± 3.39 ml • kg -1 • min -1 , which was higher than that of Italian athletes (48.5 ± 6 ml • kg -1 • min -1 ) [16] , but it was lower than the values reported in Japanese (57.5 ± 5.2 ml • kg -1 • min -1 ) [23] and French (57.2 ± 4.1 ml • kg -1 • min -1 ) [34] karate athletes. However, different tests were used to determine maximal oxygen consumption.
It is noteworthy that the heavy weight category showed a lower average VO 2max compared to the two other weight divisions. Since the average body fat percentage was higher in the heavy weight class, these differences can be partly attributed to the association of body fatness with maximal oxygen consumption. Excess amounts of body fat decrease performance in activities involving weight bearing by increasing the body weight, and therefore increase the energy requirement without contributing to the energy-producing capacity. As a result, VO 2max is likely elicited at a lower rate of work and the velocity that can be maintained for a certain period of time is reduced [14] .
Ravier et al. [34] found a significant difference between national (10.9 ± 1.5 W • kg -1 ) and international level (12.5 ± 1.3 W • kg -1 ) karate players in maximal power, suggesting the ability of maximal power output to discriminate diverse level karate athletes. However, it is not the case for strength. Roschel et al. [36] reported no significant difference between winner and defeated karate athletes in squat and bench press 1RM. Nonetheless, they observed a significant difference between the two groups in power at light loads (30% 1RM). Conversely, based on Imamura et al. [23] , highly competitive black belt karate athletes showed higher 1RM in both the bench press and half squat than novice karate athletes. Karate practice consists of performing unloaded punches and kicks, which can cause some adaptations in the velocity portion of the force-velocity curve, and therefore results in greater segment velocity. Collectively, these results indicate that the maximal dynamic strength is not crucial to high-level karate performance, and excellent performance depends greatly on muscular power [36] . In other words, among top-level karate competitors, muscular power appears to be able to demonstrate comparative differences more sensitively.
The average bench press and squat 1RM values were higher than those observed in previous studies [23, 36] . Although increased 1RM (absolute values) in all three strength exercises were found in higher weight divisions, the middle weight category showed best relative strength values. This was also true in anaerobic power, explosive power (lower body), speed and agility, and the middle weight class showed superlative performance.
Conclusion
Our results enabled us to determine further details of the dominant characteristics of top-level karate athletes. Although some dissimilarities were found between Iranian karate athletes and their counterparts in other countries, these findings reaffirmed the main anthropometric and physiological features as the prominent traits of karate athletes who compete at international level. However, this research has limitations, because only Iranian karate athletes took part in the study. Thus, the same research on international level karate athletes from other countries, especially those who are highly ranked, appears to be required to ascertain the physical and physiological profile more precisely.
